Abstract. Mechanical couple stresses modify at a microscopic level optical properties of some materials so they can display gyro-birefringence phenomena.
Introduction
In this work the gyro-birefringence phenomena [1] [2] is applied to describe the optical properties of the Cosserat medium.
According to the Cosserat theory (theory of the nonsymmetrical elasticity) [3] [4] [5] the transmission of mechanical action, through the surface dividing two neighboring unit cells of material, occurs not only via a force vector, but also by a couple vector. Therefore, in addition to force stresses one observes couple stresses. In the Cosserat material the stress tensor is nonsymmetrical.
Today the Cosserat theory does not have a complete experimental verification [6] [7] [8] [9] .
The noticed rigidity depends on the size in the Cosserat elastic material and it is possible to determine one or more of the Cosserat elasticity constants by the method of size effects [10] . Therefore, the theoretical solution to the Cosserat problems can be completely determined. However, in order to obtain the experimental solution to the nonsymmetrical elasticity, phenomena where couple stress is described by one physical parameter are searched. Phenomena applied in contemporary Experimental Mechanics allow us to determine the force stress only.
The analysis in a nano-scale [11] [12] is taken under consideration, where the energetic state of the atom about a nonsymmetrical structure (with an optical active electron) is separate according to the mechanical quantum number mech S as follows (Appendix 1):
where: = h/2π, h is Planck constant, ω couple is angular speed of disturbance of the optical electron in Cosserat medium, E o is not perturbed part of the energy. For energy (1), (2) we obtain frequency:
which creates a separation of the light wave travelling towards the Cosserat medium in two circular polarization waves, for mech S = +1/2 right-handed, for mech S = −1/2 left-handed. When two circular polarization light waves travel forward with different velocity of propagation as a result of interference, we obtain a rotation of the azimuth of polarization. The separation of the light wave in the Cosserat medium and the correlation of this phenomenon to the couple stresses are referred to as the Cosserat gyro-birefringence.
Formulas (11), (12) , (13) present the light wave in the gyro-birefringence medium. We note (x) as direction of the light path and we write the unit vectors s = x 1, s = y s = z 0 for the light path parallel to coordinate "x". The matrix (9) we write in the system of the quasi-principal directions
) in the form:
For the chosen direction (x) Eqs. (12), (13) are written as:
We then write the non-zero condition of the solution:
and we determine the roots:
where n
-are two refractive indexes of the light wave coming towards direction (x).
For roots (18), (19) the system (15), (16) have infinite number of solutions which are relative to following relations:
We write E (x) 2 = E o and on the basis of (20), (21), (22), (23) four light waves are obtained:
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Having added the amplitudes of the components for the same phases, we obtain:
Using Euler formula:
we write real part of the component (28), (29):
where
23 + κ We group formulas (30), (31), (32), (33) accordingly, and register two light waves travelling towards the Cosserat medium in the form:
(35) The formulas (34), (35) present right and left-handed elliptical polarization light waves which travel forward in an elliptical helical path.
The infinitesimal path retardation
is written as:
where C = 1
When we arrive at the linear medium we ignore the vector of optical rotation, G x = 0, and when the principal directions (1, 2, 3) are parallel to the directions of the coordinate system (x, y, z) we obtain formula:
which is applied in linear birefringence [13] [14] [15] . Formulas (7) and (8) are substituted by formula (36) and the infinitesimal path retardation of the Cosserat birefringence medium is expressed by components of the force stress and couple stress tensor:
For symmetrical elasticity without couple stresses formula (38) corresponding to linear photoelasticity [13] [14] [15] and we write for the principal directions ((x) = 1, 2, 3):
2n .
Cosserat gyro-birefringence formula
We write formula (14) in the form of the sum:
Then we study only gyro-birefringence component when κ (18), (19) are written as:
We then substitute (41), (42) to (20), (21), (22), (23) in order to obtain two independent solutions:
which allow us to describe two light waves:
We take the real part of the solutions (45), (46) and add mutual perpendicular waves leading us to obtain two pairs of the intensity component of the electric field:
expressed as:
Solutions (47), (48) and (49), (50) mean that two right and left-handed light waves, travel forward in a circular helicon path.
The infinitesimal phase retardation for each of the waves on the dx way are written as:
The relative phase retardation (51), (52) of the right and lefthanded circular polarization waves create the infinitesimal rotation of the azimuth of polarization:
For geometrical way AB, Fig. 1 , we write:
where Γ couple AB is the angle of the rotation of the azimuth of polarization, n ∼ = √ κ. We join (4) and (54), and we obtain the searched relation between Γ couple AB and components of the couple stresses:
dx.
(55) 
Conclusions
As it is seen, a plane-polarized light wave on passing through the Cosserat medium is split into two right and left-handed elliptical polarization light waves which travel forward in an elliptical helical path. We divide elliptical light wave into two components: plane-polarized wave and circularly polarized wave. Circular polarized waves is right and left-handed and travels forward in an circular helical path. The linear polarization is associated with classical photoelasticity (force stresses) and circular polarization belongs to nonsymmetrical photoelasticity (couple stresses). Two circular helicon path travels forward with different speeds. As a result of interference we obtain a rotation of the azimuth of polarization proportional to couple stresses. The work presented is an attempt to complement the birefringence theory in which the influence of the mechanical factor on gyro-birefringence is not known.
M. Sikoń permeability of the vacuum, χ is magnetic permeability of the medium. On the basis of the identity:
we obtain the wave equation:
and the solution (A3) as:
where ω -angular frequency, t -time, r -radius vector, c n = 1 √ κκ o χχ o -phase speed of the wave in the medium with refractive index n. We apply the rotation operator to (A4) and after the transmutation we write:
Similarly, we obtain:
Then we group equations: 
After joining formulas written above we obtain:
rotE +Ḃ = 0
Formulas (A10) are written in the form:
Including: n = √ χκ, χ = 1, we obtain:
Finally, we write:
